Smith, Roberta K., and Martin A. Buzas. Microdistribution of Foraminifera in a Single Bed of the Monterey Formation, Monterey County, California. Smithsonian Contributions to Paleobiology, number 60, 33 pages, 4 figures, 2 plates, 7 tables, 1986.-While several papers exist on the small scale spatial distribution of living foraminifera, almost no work exists on the small scale spatial distribution of fossils. The present study took 24 (5 ml) replicates 10 cm apart along one bed of the Montery Formation in California.
SERIES PUBLICATIONS OF THE SMITHSONIAN INSTITUTION
Emphasis upon publication as a means of "diffusing knowledge" was expressed by the first Secretary of the Smithsonian. In his formal plan for the Institution, Joseph Henry outlined a program that included the following statement: "It is proposed to publish a series of reports, giving an account of the new discoveries in science, and of the changes made from year to year in all branches of knowledge." This theme of basic research has been adhered to through the years by thousands of titles issued in series publications under the Smithsonian imprint, commencing with Smithsonian Contributions to Knowledge in 1848 and continuing with the following active series: In these series, the Institution publishes small papers and full-scale monographs that report the research and collections of its various museums and bureaux or of professional colleagues in the world of science and scholarship. The publications are distributed by mailing lists to libraries, universities, and similar institutions throughout the world.
Papers or monographs submitted for series publication are received by the Smithsonian Institution Press, subject to its own review for format and style, only through departments of the various Smithsonian museums or bureaux, where the manuscripts are given substantive review. Press requirements for manuscript and art preparation are outlined on the inside back cover. Several studies of small-scale spatial distribu¬ tion exist for living populations of benthic fora¬ minifera (e.g., Parker and Athearn, 1959; Buzas, 1965 Buzas, , 1968 Buzas, , 1970 Olsson and Ericksson, 1974) .
In general, these studies showed an inhomoge¬ neous distribution. A quantitative estimate of distributional variability is necessary before we can calculate confidence intervals for foraminiferal density or estimate the number of samples required for an arbitrarily chosen degree of con¬ fidence. The number of replicates required and the size or proximity of samples requires an understanding of small-scale spatial distribution.
No direct way exists to pursue biology of fossil foraminifera; for paleobiology it is necessary to rely on work from living populations. Obviously, however, adequate sampling is also essential to paleoecological and paleoenvironmental recon¬ struction. Paleoecological work has lagged be¬ hind ecological in the area of sampling and smallscale spatial distribution.
Roberta K. Smith, Earth Sciences Board, University of California, Santa Cruz, California 95064. Martin A. Buzas, Department of Paleobiology, National Museum of Natural History, Smithsonian Institution, Washington, D.C. 20560. Scott (1958) showed that fossil foraminifera were inhomogeneously distributed horizontally and vertically in an outcrop in New Zealand. At two stratigraphic levels in the Upper Tertiary of Maryland, foraminiferal species were homoge¬ neously distributed (Buzas and Gibson, unpub¬ lished) . We know of no other small scale distri¬ bution studies of fossils.
In the present study, we examined the small scale spatial distribution in a single bed-the same stratigraphic horizon-with evenly spaced replicates. We hoped to determine (1) the varia¬ bility among the replicates; (2) the confidence intervals for mean foraminiferal densities, and the confidence interval or precision obtainable for a given number of replicates; (3) the compa¬ rable adequacy of sampling for (a) time-strati¬ graphic, (b) broadly paleoenvironmental, and (c) paleoecological purposes; and (4) perhaps to draw some paleoecological conclusions about the sampled fauna and its environment. valuable assistance also. We are grateful to these persons and institutions.
The term "clorox" is used throughout the text to indicate the commercial household bleach (so¬ dium hypochloride) that was used, full strength, during the laboratory work.
Methods
Field.-The Del Ray Canyon Diatomite member of the Monterey Formation is well ex¬ posed in a cut on Toro Road, near Monterey, California (see Figure 1 ). The bed studied by 24 replicate samples lies midway along the exposure, in unit 10 of Govean and Garrison (1981) T he section shows a series of variously lami¬ nated and bedded to massive, softly diatomaceous to hard and cherty, mainly cream-colored marine sedimentary rocks. Externally massiveappearing but laminated, relatively thick beds of soft diatomaceous mudstone predominate. One of these was the source of the boulder used in the pilot study. The bed selected for the 24 replicate study is 8 cm thick and appears inter¬ nally finely shaly and laminated; it is grayish, weathering orange. It was chosen because (1) it is distinct from the more externally massive un¬ der-and overlying beds; (2) its thickness is ideal for the diameter of the coring device used; (3) it is soft enough to drive the coring device into; and (4) (a) it could be seen to contain foraminifera, (b) it was believed that the fauna's taxon¬ omic diversity would be relatively low, and (c) preservation appeared adequate to recover spec¬ imens from washed residue of the rock. The bed dips east for approximately 8 m diagonally across the road cut exposure from near the natural surface to the road bed level, approximately 3-4 m elevationally lower.
Twenty four replicate samples were taken 10 cm apart for 336 cm along the bed from the road bed level to a point a meter below the base of the soil profile (see Figure 1) . The cut face inter¬ sects the bedding at 90 degrees, permitting hor¬ izontal penetration of the exposure with the cor¬ ing device. The coring device was a sharpened steel pipe with a 4 cm internal diameter welded to a steel rod and cross-bar. In spite of the diatomite's softness and porosity, its considerable resistance only permitted driving the corer in 5 to 10 cm. Greater penetration could minimize possible surficial weathering effects. As the rock appears very porous, however, leaching may be general and not confined to surficial layers.
After securing each replicate, it was extruded into a small sample jar. As the diatomite tended to fragment, we could not be sure to reject the possibly more weathered surface 2-3 cm.
Laboratory Sample Preparation Experi¬ ments.-Various laboratories have experi¬ mented with simple to complex methods to ex¬ tract foraminifera from sediments and rocks, but the efficacy of these methods is not evaluated in the literature. We believe it is useful to include evaluation of preparatory methods because the very significant alterations of species densities which preparation techniques can affect can and do go unrecognized. These can just as seriously invalidate observations as can failure to sample adequately in the field. For this reason, sampling and preparation are treated together in this study.
One reason we chose the soft diatomite was to capitalize on its ease of preparation. We made a pilot study to evaluate the effectiveness of the simplest laboratory preparation methods to ob- NUMBER 60 tain (nearly) all tests. The simplest techniques are to soak the material in various solvents, then rinse over sieves with water.
Therefore, we subjected a number of subsam¬ ples from a diatomite boulder to soaking for two soaking periods-an arbitrarily chosen 6 months and 24 hours. No regard was paid to the boul¬ der's stratigraphic setting or to spatial relations among subsamples. The first set of 10 subsamples and, later, a second set of 12 (plus one still later) were prepared from "slices" cut from large frag¬ ments of the boulder. The "slices" were broken to roughly 1 mm sizes (grains). For each subsam¬ ple increments of this debris were tamped down until the sediment in a 10-ml beaker reached 5 ml.
Each of the first set of 10 5-ml volumes of sediment was soaked in 20 ml of 10 different solvents (with measured pH values) in closed 100-ml jars, at room temperature, for 6 months; another similar set was soaked for 24 hours.
Solvents used were acetone, alcohol, carbon tet¬ rachloride, clorox, hydrogen peroxide, kero¬ sene, kerosene followed by water, mineral oil, distilled water, and unpurified tap water.
For the 24-hour soak, a solution of 10% NaOH in distilled water was added. With both the 6-month and 24-hour soaks, microscopic sediment observations were made: immediately upon wet¬ ting; after 4 days; and after 6 months. Later, an additional subsample was prepared with "Qua¬ ternary O."
After soaking, each sediment subsample was rinsed over a sieve with 63 yum openings with warm tap water. Sieve residues washed onto filter papers were oven dried at 38°C. Subsequently, all of each residue was examined microscopically.
The total specimen numbers for the 6-month and 24-hour soaks are shown in Tables 1 and 2 .
Most numbers from the 6 month soak are higher.
An analysis of variance produced an Fj -= 0.55 value, which is, however, not significant. The method follows these steps.
1. Some fragmented diatomite was transferred from each field-sample jar to a 10-ml glass beaker. It was then tamped down, moistening slightly to assist compaction. This process was continued until the sediment was leveled at the 5-ml mark in the beaker.
2. Each 5 ml of sediment was placed in a 50-ml beaker and oven-dried overnight at 32°C.
3. The sediment in each beaker was covered with kerosene and left overnight.
4. The kerosene was decanted and the sedi¬ ment was covered to the 25-ml mark in the beaker with hot water; 2 ml of Na^CO^ (soda ash) were added. In order to elucidate the relationships among the replicates we subjected the data to a cluster analysis using the weighted pair group method. of the fauna, whereas seven species do so in 20-24 (Table 3) .
Because of the large difference between rep¬ licates 1-19 and 20-24, we will examine species density, composition, diversity, and dominance separately for the two groups even though they came from the same horizon.
Density. In the present study, replicates 2 through 5 exhibit great consistency (Table 3 ). This is prob¬ ably due to chance, but illustrates the real possi¬ bility of underestimating the standard deviation if only these samples were taken. We probably would have concluded that faunal homogeneity was great in this setting, when actually, as the other replicates show, there is considerable in¬ homogeneity.
Replicates 20-24: Even more striking than the inhomogeneity among specimen counts for Buliminella curta ranks third and ranges from (9, 11, 13, 14) and in two of these (13, 14) it also dominates over Nonionella, achieving its maximum 36% of the assemblage in replicate 13. Note that it also achieves a greater maximum density (1689) relatively medium-to small-sized specimens, al¬ though a few are quite large; many also clearly are broken; so the species appears to be larger than the present preservation suggests.
The remaining taxa constitute from 1% to 14% of replicates 1-19, with densities of 6 to 714 individuals. The distribution of species abun¬ dances and occurrences is a logseries (Buzas et al., 1977 (Buzas et al., , 1982 ; thus the probability of charting the true distribution of rarely occurring species is low, and we will never have enough replicates for sampling such taxa. (d 'Orbigny) . Small specimens of Bulimina cf. B.
pseudoaffinis Kleinpell were found in low densi¬ ties in most replicates. A few other taxa occur very rarely (Table 3) .
"Bolivina," taken as a group, and also including Suggrunda, ranges from 1% to 12% (5 to Measurement of Species Diversity.-To measure species diversity we used (1) the number of species in a replicate, S; (2) the information function, H = -2pjlnpj where pi is the propor¬ tion of the ith species; (3) a measure of equitability or evenness, E = H/lnS. We used this measure of equitabilty because the one proposed by Buzas and Gibson (1969) , while theoretically more ac¬ ceptable (Sheldon, 1969) , is more unstable when the number of species is low.
Species Diversity.-Replicates 1-19: Table  4 shows that the number of species in replicates 1-19 ranges from 6 to 14; the average is 10.25.
In all, 16 species are represented. There seems to be a trend toward increasing the number of species with the higher replicate numbers. Note, however, a significant positive correlation exists between species number and the number of in¬ dividuals (Buzas et al., 1977) . Figure 4 shows that relationship holds for the present data set quite well. replicates; Nonionella schencki dominates five and Buliminella curta two. In addition to these three, the remaining 5% to 15%, of the replicates in¬ cludes mainly Bolivina brevior, which ranges from <1% to 8%,; and both B. seminuda and Globobulimina pacifica, which range from <1% to 3%.
All other species are very rare. This shows a species equitability pattern that may be expressed complete the assemblage. In addition to the diatomite assemblages, two porcelanite thin sections from a few cm below the 24 replicate bed contain another perhaps distinguishable fauna (see Table 6 ), although specimen numbers are too low to be sure. We have, then, identified three to five distin¬ guishable faunas from this one exposure. We have done this in a study of 336 cm of one bed (the 24 replicates) and limited examinations of two or three other diatomite and porcelanite beds. We can compare these faunas in percents (Table 7 ), but differences in preparation meth¬ ods preclude comparison of densities.
Other distinguishable faunas could be repre¬ sented as well. Some of the faunas described by Govean (1980) from the Toro Road stratigraphic section appear distinct. Time stratigraphic signif¬ icance may be nil, but paleoecological signifi¬ cance may be considerable.
Discussion
The 24 replicate samples enabled us to docu¬ ment the variability of fossil foraminifera in the horizon studied. Studies of spatial distribution of modern foraminifera (Buzas, 1968 (Buzas, , 1970 Olsson and Eriksson, 1974) The intent of the examination is to assure that fossiliferous rocks are collected-not to docu¬ ment distribution. The assumption has been that whatever is collected will be "representative"-especially when rock ages primarily are sought.
While this assumption is probably true relative to age, it is far less true relative to paleoecology.
Distribution and abundance provides the frame- Any and all replicates provide for the same assignment of Mohnian Age (of Kleinpell, 1938) based on the presence of Nonionella schencki.
Similarly, any and all provide for the same paleoenvironmental interpretation of "medium depths," "probably upper bathyal." Govean (1980) and Govean and Garrison (1981) In this case, it is reasonable to assume "cool temperatures" and "normal marine salinity." This is so even though the species diversity is fairly low, a condition suggesting some sort of stress situation for foraminifera as a group. No foraminifera thought to represent either high or low or variable salinity ranges or particularly warm or cold temperatures were found.
Regarding available oxygen, Govean (1980) and Govean and Garrison (1981) have inter¬ preted some parts of the stratigraphic sequence exposed on Toro Road as representing "oxygenminimum" conditions. The present replicates showing a relatively low species diversity would lend themselves to that (stress) interpretation.
They do not, however, contain abundant speci¬ mens of taxa specifically interpreted as repre¬ senting 02 minima, although Bolivina seminuda and Suggrunda occur (see Phleger and Soutar, 1973; Byers, 1977; Ingle et ah, 1980) . Overall, the faunal composition would not necessarily be was for some reason extremely good for forami¬ nifera. On the Mississippi Delta, Lankford (1959) found where foraminifera were most abundant the tests were the smallest. We also observed that the smallest tests occur where the densities are the highest. Perhaps there was a population ex¬ plosion that correlated with variation in 02 con¬ tent.
Systematic Paleontology
Herein the classification of Loeblich and Tappan (1964, 1974) is followed, with some modifi¬ cation. All commoner taxa have been compared with types erected by Kleinpell (1938) Cushman, 1927 Genus Holmanella Loeblich and Tappan, 1962 Nodosaria? sp.
Four broken nodosarine specimens, each with two elongate chambers, were found. They closely resemble Nodosaria parexilis Cushman and Stew¬ art (in Stewart and Stewart, 1930) or N. tympaniplectriformis Schwager of Haller (1980:235, pi. 3: fig. 10 Barbat and Johnson, 1934:13, pi. 1: figs. 14, 15.-Kleinpell, 1938:249, pi. 16: fig.7. Two small Toro Road specimens (one each from alcohol and clorox six-month soaks) com- 9  10 10  10  8  10  9  8  9  7  1 1  12  12 13  13  6  1 1  14  19  20 16  16  19 pi. 16: fig. 10 . -Smith, 1978:141, pi. 2: fig. 1 . -Buzas, Smith, and Beem, 1977:71, pi. 1: figs. 19, 20. Twelve Miocene hypotypes in the collections of Stanford University ascribed to the species by Kleinpell (1938) and many hypotypes at the Na¬ tional Museum of Natural History (Smith, 1978; Buzas, Smith, and Beem, 1977; and O "
•a Cushman, 1925:31, pi. 5: fig. 8a,b; 1926 :54.-Kleinpell, ed., 1980 fig. 11 . Bolivina brevior brevior Cushman.-Kleinpell and Tipton, 1980:72. species occurs in all the material studied and dominates replicates 20-24 with thousands of specimens. Cushman, 1925:30, pi. 15: fig. 4a,b; 1926 :54.-Kleinpell, 1938 fig. 7a,b. A single, large, conical, costate specimen is so referred.
Bolivina dunlapi Kleinpell
Bolivina dunlapi Kleinpell, 1938:271, pi. 15: fig. 2 . Bolivina brevior dunlapi Kleinpell.-Kleinpell and Tipton, 1980:72. The holotype was examined. Kleinpell and Tipton (1980) state that "except for its costae, this small form is very similar to Bolivina brevior.
Bolivina dunlapi Kleinpell is herein reinterpreted
as the costate subspecies of B. brevior.7' We, how¬ ever, presently retain B. dunlapi as a separate species to which a few specimens from Toro
Road seem best referred, although they also re¬ semble B. sulphurensis Cushman and Adams.
Hypotype: USNM 382520.
Bolivina pseudospissa Kleinpell
Plate 1: figure 13 Bolivina pseudospissa Kleinpell, 1938 :279, pi. 21: fig. 6.-Kleinpell, ed., 1980 fig. 4 . Hypotype: USNM 382521.
Bolivina rankini Kleinpell
Bolivina rankini Kleinpell, 1938:288, pi. 22: figs. 4, 9. A few specimens from Toro Road appear very similar to the holotype, but distinct from Bolivina seminuda Cushman, being more tapering and compressed. They appear best referred to this species.
Hypotype: USNM 382522.
Bolivina seminuda Cushman
Plate i: figures 9-12
Bolivina seminuda Cushman, 1911 :34, fig. 55. Kleinpell, 1938 281. Bolivina seminuda Cushman forma seminuda Govean, 1980:146, pi. 1: figs. 1-5, pi. 3: figs. 2-6, pi. 4: figs. 1-6, pi. 5: figs. 3, 4, 6, pi 6: figs. 4, 5, pi. 7: figs. 1-6, pi. 8: figs. 1-5, 7, pi. 9: figs. 1-3, pi. 10: figs. 1-5. Bolivina seminuda seminuda Cushman.-Kleinpell, ed., 1980, pi. 8: figs. 5, 6, 9, 10 . Bolivina foraminata R.E. Stewart and K.C. Stewart. Klein¬ pell, ed., 1980, pi. 8: figs. 7, 8 . Bolivina seminuda Cushman subspecies foraminata Stewart and Stewart.-Govean, 1980:145, pi. 2: figs. 1-3, pi. 3: fig. 1, pi. 5: figs. 1, 2, 5, pi. 6: figs. 1-3, pi. 7: fig. 7, pi. 8: fig. 6 .
The 16 Stanford hypotypes referred to Boli¬ vina seminuda and the 12 referred to B. seminuda foraminata by Kleinpell (1938:281) were exam¬ ined. Govean (1980) showed that the B. seminuda and B. foraminata forms are ecophenotypes. The species was found throughout the Toro Road material studied but in relatively small numbers. Suggrunda kleinpelli Bramlette, in Woodring and Bramlette, 1950:59, pi. 23: figs. 4, 5, 9. The present specimens, numbering several This form commonly constitues from 1 %-10% of the assemblages from the boulder subsamples, but was not found in any of the 24 replicates from one bed. Kleinpell's holotype was exam¬ ined, but no other specimens were seen in the Stanford collections. The holotype is preserved differently than the present specimens-giving a different appearance. Its apertural area also ap¬ pears to have been somewhat squashed. This may give this specimen the "thickest near middle" outline described by Kleinpell (1938:257, pi. 9: fig. 9 ). If that characteristic represents his popu¬ lations, however, it may not match the present specimens; they are thickest from middle to up¬ per third. Their sutures also appear a bit more depressed than Kleinpell's holotype, but in. the absence of a population, it is not possible to know certainly if this is true. Our specimens also appear a bit smaller than the holotype of B. pseudoaffinis; this could be environmental, however.
Kleinpell had originally identified the holotype as a member of B. affinis d 'Orbigny and re¬ marked (1938:258) that B. pseudoaffinis is "ap¬ parently closely related to' that taxon. Interest¬ ingly, the figures given by Haller (1980:246, pi. 7: fig. 6a Hypotype: USNM 382525.
Globobulimina pacifica Cushman
Plate 2: figure 3 Globobulimina pacifica Cushman, 1927 :67, pi. 14: fig. 12a,b.-Kleinpell, 1938 . A single early-test portion is questionably re¬ ferred to this genus. It was found in the distilled water one-day-soak boulder subsample. It is ro¬ bust, nearly rounded, and has sutural lobation; it is biserial. It could be a Bolivina but seems better referred to Siphogenerina.
Trifarina sp(p).
Trifarina is represented by two costate and five smooth specimens in this Toro Road material.
Other than ornamentation, they are very similar.
Such ornamented and unornamented Trifarina may belong to more than one species.
Uvigerina spp.
Uvigerina is represented by fewer than 20 spec¬ imens in the Toro Road material. These all are large; most are smooth and one generically ques¬ tionable specimen is costate. Hypotype USNM 382527 represents the smooth variety.
Hypotype: USNM 382527.
Epistominella subperuviana (Cushman) Plate 2: figures 4-6
Pulvinulinella subperuviana Cushman, 1926:63, pi. 9: fig. 9 .
The holotype is deposited in the National Mu¬ seum of Natural History. A specimen in the Stanford collection (LSJU type no. 943, slide 1045) might be a paratype (see Cushman, 1926:63) but was figured by Kleinpell (1938:321, pi Five specimens of the form referred to P cf.
P. bradyana Cushman by Kleinpell (1938:327) were examined also. The sutures range from flush to slightly depressed. They also closely re¬ semble the "P " relizensis specimen. They are from the "Upper Modelo" Formation in Los
Angeles County-"Lower Delmontean." Thus, this form and "P." cf. P. pontoni (above) are younger than the Kleinpell specimens of "P."
subperuviana and "P " relizensis (Relizian and Luisian Kleinpell, 1938) and others to the taxa discussed below.
Valvulineria miocenica Cushman (1926:61, pi. 8: figs. 9,10, pi. 9: fig. 3a-c; Kleinpell, 1938:313, pi Cushman, 1926:60, pi. 9: fig. la-c ; Kleinpell, 1938:308, pi. 13 : fig. 6a c, pi 16: fig. 4a-c) and V. grandis Cushman and Galliher (1934:26, pi. 4: fig. 12a-c; Kleinpell, 1938:312) are more compressed than the Toro Road form.
Valvulineria californica appressa Cushman (V.
californica Cushman var. appressa Cushman, 1926:60, pi. 9: fig. 5a-c; Kleinpell, 1938:309, pi. 13: fig. 7a -c) and V. californica obesa Cushman (V. californica Cushman var. obesa Cushman, 1926:61, pi. 9: fig. 2a-c; Kleinpell, 1938:310, pi. 10: fig. 12a- All of these (kinds of) morphological factors have been correlated with some environmental stress conditions for foraminifera. In the present case, these could correlate with an oxygen-minimum environment (Ingle, pers. comm., 1983 One specimen from a boulder subsample is so referred.
Nonionella schencki (Kleinpell) Plate 2: figures 13-16
Nonion schencki Kleinpell, 1938 :235, pi. 16: fig. lla,b.-Kleinpell, ed., 1980 Two specimens are so referred; they are not Nonionella schencki (Kleinpell) .
Hypotype: USNM 382534. Holmanella sp. cf. H. valmonteenis (Kleinpell) This form is very rare here. Specimens prob¬ ably are smaller than Discorbinella valmonteensis Kleinpell (1938:350, pi. 21: figs. 14-16). It is described as "test large," a point reiterated in the discussion. The holotype is at the National Mu¬ seum of Natural History. A/some paratype(s) and hypotypes reportedly were deposited in the Stan¬ ford collections but were not found.
The small size of the Toro Road specimens is like that of the Valvulineria here. It may reflect environmental conditions. Yet, both specific and generic assignments are in question at this time.
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